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Monday, February 9, 2015 333athat are on average 50 nm in diameter with long-term stability at physiological
conditions, as determined by Electron Microscopy, Fluorescence Correlation
Spectroscopy and Dynamic Light Scattering. Using laser excitation, these nano-
emulsions can vaporize into microbubbles in the presence of silica coated gold
nanoparticles for efficient drug release and imaging using high contrast imaging
modalities such as photoacoustic microscopy. Taken together, the size and sta-
bility of these PFC nanodroplets make them cost effective drug delivery vehicles
suitable for efficient internalization by cancer cell lines.
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A New Course and Textbook on Physical Models of Living Systems, for
Science and Engineering Undergraduates
Philip Nelson.
Physics/Astronomy, Univ Pennsylvania, Philadelphia, PA, USA.
I’ll describe an intermediate-level undergraduate course developed over several
years at University of Pennsylvania and elsewhere. The only prerequisite is
first-year university physics and calculus. The course is a response to rapidly
growing interest among undergraduates in several science and engineering
departments.
Students acquire several research skills that are often not addressed in tradi-
tional courses:
 Basic modeling skills
 Probabilistic modeling skills
 Data analysis methods
 Computer programming using a general-purpose platform like MATLAB or
Python
 Dynamical systems, particularly feedback control.
These basic skills, which are relevant to nearly any field of science or engineer-
ing, are presented in the context of case studies from living systems, including:
 Virus dynamics
 Bacterial genetics and evolution of drug resistance
 Statistical inference
 Superresolution microscopy
 Synthetic biology
 Naturally evolved cellular circuits.
Publication of a new textbook by WH Freeman and Co. is scheduled for
December 2014.
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Visual Molecular Dynamics (VMD) is an indispensable tool for visualization of
biomolecular structures as well as data analysis of molecular dynamics simula-
tions. Although VMD is useful for the trained scientist, its extensive toolset
naturally takes time to understand and use effectively, limiting its utility in
the high school classroom. To attenuate VMD’s otherwise steep learning curve,
we have developed VMD lite, a graphical user interface (GUI) that provides
many of VMD’s powerful capabilities in a simplified format. Alongside the
GUI we have written self-guided lesson plans that integrate with the typical
high school curriculum. These lesson modules are designed in accordance
with the next generation science standards, leading the student to critically
evaluate relationships between important concepts in molecular biology, phys-
ics, and chemistry. This software is supplied free through VMD, and its data-
base of self contained lesson plans will be continually modified and extended
to reflect current curricula.
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In his 1951 Lane Medical Lectures, Kaj Ulrich Linderstrøm-Lang (LL) orga-
nized protein structure into a three-tiered hierarchy, with the amino acid
sequence comprising the primary structure, local-in-sequence interactions sta-
bilizing the secondary structure, and long-range interactions stabilizing the ter-
tiary structure. Here we call this ‘the LL ontology.’ Extensions of this ontology
to quaternary, quinary, and even senary structural levels have been proposed
in the literature, with the quaternary level being nearly universally adopted
in undergraduate curriculums. We argue that, since the microscopic nature of
protein-protein interactions are identical for a ternary versus a quaternary inter-
face, the inclusion of quaternary structure is not edifying in the context of an
undergraduate curriculum. Protein-protein interactions can be treated as gen-eral phenomena that are mediated by protein conformational states without
an essentialist invocation of quaternary structure. The LL ontology also carries
with it the implication that secondary structure is always ontologically prior to
tertiary structure, or that tertiary structure is always prior to quaternary struc-
ture. These generalizations are disproven by the existence of chameleon
sequences (primary structural elements that occur in different secondary
structural contexts) and by the existence of intrinsically disordered proteins
(proteins lacking a stable three-dimensional fold in the absence of a binding
partner.) We argue that, in terms of the pedagogy of protein structure, students
are best served by studying the first three tiers of the LL ontology to provide a
still-useful descriptive language for all proteins. Folding should not be pre-
sented as a simple ascension of this hierarchy unless a framework mechanism
is being explicitly discussed. Ultimately we favor the energy landscape as a
universal descriptor for the interplay between protein folding and function.
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Xavier University, a liberal arts predominately undergraduate institution (PUI)
located in Cincinnati, OH, implemented a Biophysics major in the Department
of Physics in spring 2012. The program is built upon foundational physics
courses and is unique due to the possible selection of upper-division courses
that students elect to take towards their undergraduate degree. A capstone
course is offered to bring all prior knowledge in the fundamental sciences
together to approach complex problems in biology. Due to the flexibility of
the program, it serves students well who are interested in pursuing advanced
degrees in Biophysics or Biomedical Engineering. It also offers students inter-
ested in the health professions an alternate path towards medical school which
can be advantageous in the application process. This session will express some
of the advantages and challenges to creating such a program at a liberal arts PUI
and discuss the capstone course within the major.
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Maker and DIY projects and resources have exploded in popularity and
accessibility. We describe the development of a Langmuir trough system and
accessories by undergraduates. LabVIEW provided the base user interface
while Arduino micro-controllers were used as the interface electronics. We
present a cost effective way to build a modular and disposable Teflon trough.
We demonstrate that Arduino and LabVIEW interface effectively. Using a
home built 3D computer-controlled router we are able to build barriers and
other necessary elements. Additionally, students have designed and assembled
several accessories including an automatic cleaning and deposition system.
These engineering systems have been incorporated into both curriculum
and research in the Biophysics lab at Augsburg College. The development of
this system introduces students otherwise pursuing physics and mechanical
engineering careers to research questions and challenges at the cutting edge
of biophysics and materials science.
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Molecular biology, a term coined in 1938 by Warren Weaver, director of Nat-
ural Sciences for the Rockefeller Foundation, began in the 1930s when physi-
cists and chemists took an interest in biology with the hope of understanding
life at its most fundamental level. 50 years after, Hungarian physicist Nicholas
Kurti and French chemist Herve´ This laid the foundations for a new scientific
discipline, naturally coined Molecular gastronomy, dedicated to the study of
physical and chemical processes occurring during meal preparation, hence
with the hope of understanding cooking at its most fundamental level. Amaz-
ingly, this discipline finds its premise in the statement of the renown French
chef Georges Auguste Escoffier, who wrote more than a century ago in the
preface of its famous Guide Culinaire (which still serve today as a reference
for many chefs worldwide): ‘‘Cooking, without ceasing to be an art, will
become scientific and subject its formulas, empirical too often, to a method
and a precision that will leave nothing to chance’’.
We will show how an interdisciplinary approach mixing biopolymer physics,
thermodynamics, physiology and macromolecules biochemistry (among other
